Aim: It is difficult to differentiate follicular carcinomas (FC) from follicular adenomas (FA) because ultrasonography and cytology provide very similar findings. FC is histopathologically diagnosed to have capsular and/or vascular invasion. In a few patients, tumor protrusions are observed by preoperative ultrasonography as large forms of capsular invasion of follicular carcinomas. The aim of the study was to clarify the predictive value of tumor protrusions on preoperative ultrasonography for follicular carcinomas. Material and methods: A total of 531 patients (FC: 184 patients, FA: 347 patients) undergoing thyroid surgery were included in this study. A tumor protrusion on ultrasonography was defined as follows: 1) a solid tumor extending beyond a marginal line of capsular zone of the main tumor on B-mode ultrasonography; 2) intensive blood signals observed within the protrusion area on Doppler ultrasonography. The large form of capsular invasion was defined if the protrusion lesion was histopathologically diagnosed to be a capsular invasion of follicular carcinoma. Results: The sensitivity of tumor protrusion was 0.071, specificity 0.994, positive predictive value 0.867, and negative predictive value 0.669 for FC diagnosis. For the large form of capsular invasion in FC the sensitivity of tumor protrusion was 0.813, specificity 0.982, positive predictive value 0.684, and negative predictive value 0.982. Conclusions: A tumor protrusion with intensive blood signals extending from the main tumor on ultrasonography strongly suggests a large form of capsular invasion of follicular carcinoma.
Introduction
Generally, it is impossible to differentiate follicular carcinomas from follicular adenomas by ultrasonic examination and fine-needle aspiration cytology. These tumors are called "follicular neoplasms" or "follicular tumors" after examination by ultrasonography and cytology. Most follicular carcinomas and adenomas demonstrate on ultrasonography a solitary, well-defined, solid, homogeneous, and hypoechoic nodule with a hypoechoic capsular-like zone and no lymph node swelling [1] . Follicular carcinomas are known for their propensity to spread by direct infiltration of adjacent thyroid tissue and contiguous venous extension [2, 3] . The widely invasive type of follicular carcinoma has a high propensity to invade adjacent thyroid tissue and/ or blood vessels at the macroscopic and microscopic specimens [2, 3] . We previously described the ultrasonographic features of tumor thrombi showing direct invasion to the veins as a macroscopic or large form of vascular invasion of follicular carcinoma [4] . A macroscopic form of capsular invasion might be detected as a solid mass protruding from the capsule of the main tumor by preoperative ultrasonography in a few patients with the widely invasive type of follicular carcinoma.
We herein report that tumor protrusions on preoperative ultrasonography have a strong predictive value for a large form of capsular invasion of follicular carcinoma.
Material and methods

Patients
We retrospectively reviewed the medical database of patients with follicular carcinoma and follicular adenoma who underwent surgery between January 2007 and December 2012 in our hospital, including the demographic characteristics of patients with tumor protrusions. Preoperative ultrasonography was performed in all patients. The ultrasound readings used in this study were made part of the routine care of these patients by registered sonographers and surgeons. Surgical samples of the thyroid and tumor protrusions were cut before fixation. Specimens were fixed in buffered formalin and embedded in paraffin, and hematoxylin and eosin and immunohistochemical staining was performed. All related pathological specimens were reviewed (by M.H.), and the histopathological diagnosis was included in this study. The preoperative ultrasound readings were verified by surgeons during surgery and by histopathological examination postoperatively. The surgical findings and histopathological diagnosis were recorded in the medical database of the hospital. The ethics committee of our hospital approved the study protocol, which was in adherence to the Declaration of Helsinki. Ultrasonography Preoperative ultrasound examination was performed by well-trained, registered ultrasonographers, using a TOSHIBA Aplio SSA-770A ultrasound system with PLT-1204AX (7 -14 MHz) and PLT-805AT (5 -12 MHz) linear probes. In order to make ultrasonic diagnosis of thyroid tumors, our USC system was used (=Ultrasound Class for thyroid tumors at our hospital) [4, 5] . All the thyroid tumors were classified into USC 1-5 at ultrasonic diagnosis. Most of follicular carcinomas presented USC-3. We evaluated the intensity of blood signals qualitatively, not quantitatively. We separately evaluated vascularity of thyroid tumors as perinodular and intranodular. Intensity of blood signals was classified into (-), (+), (++), and (+++). We used a standard panel of intensity of blood signals for the reading of the Doppler ultrasonography. Our hospital has 8 or 9 sonographers who were blinded to the laboratory results of the histological diagnosis. The readings of the images before surgery were executed by agreement with two or three sonographers and a surgeon two days before surgery of the patients, as a routine procedure in our hospital. We did not re-evaluate digital images after surgery.
Tumor protrusion and large form of capsular invasion A tumor protrusion on ultrasonography was defined as follows: 1) A solid tumor extended beyond a marginal line of capsular zone of the main tumor on B-mode (greyscale) ultrasonography; 2) Intensive blood signals (intranodular intensity; (++) or (+++)) within the protrusion lesion. The large form of capsular invasion was defined if the protrusion lesion was histopathologically diagnosed to be a capsular invasion of follicular thyroid carcinoma.
Predictive values of tumor protrusion on ultrasonography The relation between tumor protrusion on ultrasonography and histopathological diagnosis was investigated in patients with follicular carcinoma and follicular adenoma, and the predictive values of tumor protrusions on preoperative ultrasonography for histopathological diagnosis were calculated. Then, the relationship between the tumor protrusion on ultrasonography and the large form of the capsular invasion on histopathology was investigated in patients with follicular carcinoma, and the predictive values of tumor protrusions for follicular carcinomas were calculated. We used the statistic software of GraphPad InStat Version 3.0 (GraphPad Software, Inc. La Jolla, CA 92037 USA).
Results
A total of 531 patients undergoing thyroid surgery were included in this study. There were 184 patients with follicular carcinoma and 347 patients with follicular adenoma. Of these 184 patients with follicular carcinoma, 160 had the minimally invasive type of follicular carcinoma and 24 had the widely invasive type of follicular carcinoma (including 4 patients of oxyphilic cell variant). Table I shows the relation between the tumor protrusion on ultrasonography and histopathological diagnosis (follicular carcinoma and follicular adenoma). The sensitivity of tumor protrusion on ultrasonography was 0.071, specificity 0.994, positive predictive value 0.867, and negative predictive value 0.669. Table II shows the relation between the tumor protrusion on ultrasonography and the large form of capsular invasion on histopathology in follicular carcinoma. The sensitivity of tumor protrusion on ultrasonography was 0.813, specificity 0.982, positive predictive value 0.684, and negative predictive value 0.982. Figure 1 shows the ultrasound image, surgical resection material, and histopathological features in patients with a tumor protrusion of follicular carcinoma. The tumor protrusion on ultrasonography was confirmed to be a large form of capsular invasion of follicular carcinoma on histopathology after surgery.
Discussions
Follicular carcinoma is defined to be a malignant epithelial tumor showing evidence of follicular cell differentiation and lacking the diagnostic nuclear features of papillary carcinoma and is histopathlogically diagnosed to have capsular and/or vascular invasion [2, 3] . Differential diagnosis of follicular carcinoma from follicular adenoma is preoperatively very difficult, because ultrasonography and cytology provide very similar findings. Classically, follicular carcinomas have been subdivided according to their degree of invasiveness into two major categories [2, 3] . Minimally invasive follicular carcinomas have limited capsular and/or vascular invasion, and have an overall good prognosis although some patients may recur and develop metastasis [7, 8] . In contrast, the widely invasive type of follicular carcinomas have widespread gross invasion of the thyroid parenchyma and peri-thyroid soft tissue and/or into blood vessels [2, 3] and have a poor prognosis [8] .
Most follicular carcinomas and follicular adenomas demonstrate solitary, well-defined, solid, homogeneous, and hypoechoic or isoechoic nodules with a hypoechoic capsular-like zone and no adenopathy on ultrasonography [1] . Therefore, it is considered impossible to differentiate follicular carcinomas from follicular adenomas by ultrasonography. We previously reported a few cases of widely invasive type of follicular carcinoma with tumor thrombus detected by preoperative ultrasonography in combination with cytological findings of "follicular neoplasm". A solid mass in the lumen of veins, that is a tumor thrombus, may be a large form of vascular invasion of widely invasive type of follicular carcinoma [4] .
Capsular invasion is histopathologically defined as tumor tissue showing complete transgression of the fibrous capsule, and a tumor bud proliferating beyond the external contour of the capsule [2, 3, 9, 10] . In general, capsular invasion is microscopically observed as a mushroom-shaped tumor bud beyond the capsule of the main tumor [10, 11] . A satellite nodule with the same cellularity and cytoarchitectual features identical to those of the main tumor is regarded as capsular invasion [2, 3, 11] . Microscopic capsular invasion may develop into a large form in some patients with a widely invasive type of follicular carcinoma. In such a patient, careful ultrasonic examination will provide a typical ultrasound image of the main tumor and tumor protrusions such as a mushroom or protruding navel.
As shown in Table I , tumor protrusion on ultrasonography had a low sensitivity in the histopathological diagnosis of FC and FA due to the fact that tumor protrusion is not a frequent finding in FC. The specificity was high, and this fact reveals that FA does not have tumor protrusion on ultrasonography. The positive and negative predictive values were considerably high revealing Table II . The relation between tumor protrusion on ultrasonography and the large form of capsular invasion on histopathology in follicular carcinoma. that the presence or absence of tumor protrusion on ultrasonography expresses histopathological diagnosis to some extent. As shown in Table II , tumor protrusion on ultrasonography presented high sensitivity and specificity for the large form of capsular invasion on histopathology in FC. This fact reveals that the presence or absence of large form of capsular invasion of FC on histopathology is correctly expressed as the presence or absence of tumor protrusion on ultrasonography. The high positive and negative predictive values show that the presence or absence of tumor protrusion on ultrasonography expresses the presence or absence of a large form of capsular invasion on histopathology in FC to a considerably high extent. As mentioned above, the presence of tumor protrusion on ultrasonography is considered to express a large form of capsular invasion of FC. Some patients were misdiagnosed with tumor protrusions by preoperative ultrasonography. It seems to be difficult to detect tumor protrusions from protrusion-like lesions of irregularly shaped tumors, especially on the dorsal side of the tumors or on the lower side of the tumor near the mediastinum by ultrasonography. High frequency probes (usually 7 -14 MHz) are routinely used for observing thyroid lesions, but it is difficult and they are not suitable for observing deep lesions from the skin. This is the same situation when attempting to detect tumor thrombi of thyroid malignancies by preoperative ultrasonography [4] .
US findings LCI(+) LCI(-) Total
Doppler ultrasonography is commonly used to evaluate blood flow through blood vessels, and blood signals are overlaid on the B-mode (grey-scale) ultrasound image. On Doppler ultrasonography, intensive blood signals were shown in the thyroid parenchyma of active Graves' disease [12] or in the tumor area of FC [13] [14] [15] . Intensity of blood signals on the solid tissue or tumor detected by Doppler ultrasonography can reflect the functional or proliferative activity of the involved cells. As shown in Figure 1 , tumor protrusion areas of FC in the patients demonstrated intensive blood signals on Doppler ultrasonography. Doppler ultrasonography images may reflect the high proliferative activity of tumor cells in the capsular invasion lesion of FC. Modern imaging technology such as real-time elastography is used to evaluate malignant and benign tumors in these days. Some researchers have reported the effectiveness of technology to make a malignant from benign tumors differential diagnosis [16, 17] . We are now using realtime elastography and shear wave elasticity imaging as well as conventional ultrasonography to distinguish between follicular carcinoma and follicular adenoma, but excellent data are not obtained in our hospital at the present moment.
It is pointless to say that not all follicular carcinomas have tumor protrusions on preoperative ultrasonography. Tumor protrusions as well as tumor thrombi on preoperative ultrasonography, however, have an important predictive value for follicular carcinoma.
The study has some limits. This study was retrospective and ultrasonography and was not performed by the same person. Interobserver and intraobserver agreement was not determined.
Conclusions
The preoperative detection of a tumor protrusion with intensive blood signals by ultrasonography strongly suggests FC.
